Intravenous administration of isoprenaline following cardiac surgery has been shown to cause an increase in existing arterial hypoxaemia. This is considered to be due to an increase in venous admixture following interference with the normal compensatory mechanism which in the presence of alveolar hypoxia tends to maintain normal ventilation-perfusion relationships.
The occurrence of arterial hypoxaemia following cardiopulmonary bypass has been demonstrated by many workers despite the fact that the postoperative course is uncomplicated (Geha, Sessler, and Kirklin, 1966; Fordham, 1965; HedleyWhyte, Corning, Laver, Austen, and Bendixen, 1965; McClenahan, Young, and Sykes, 1965 ). An increase in pulmonary venous admixture secondary to alveolar collapse has been suggested as the mechanism, although the precise aetiology remains uncertain. The presence of non-ventilated alveoli is shown by a high venous admixture even when 100% oxygen is inhaled.
Intravenous isopropylnoradrenaline sulphate (isoprenaline) is a drug commonly used after cardiac surgery in the treatment of low output states and heart-block. Whilst investigating the cardiovascular effects of isoprenaline after cardiac surgery it was noted that arterial oxygen saturation decreased during infusion of the drug. This paper describes the finding and attempts to explain its mechanism.
METHODS
Seven patients aged 39 to 56 years who had undergone homograft replacement of the aortic valve under total cardiopulmonary bypass were studied 16 to 20 hours post-operatively. Three patients had aortic valve disease with stenosis and regurgitation, one had aortic regurgitation, one had aortic stenosis, and one had mixed aortic valve disease with, in addition, mitral stenosis; one patient had aortic valve stenosis with mitral stenosis and regurgitation. Mitral valve disease was corrected surgically at the time of homograft replacement of the aortic valve in the two patients with associated mitral valve disease. The post-operative state of all the patients studied was satisfactory and no patient required therapy other than routine post-operative care. The position of the patients was constant during the study, with a head-up tilt of 150 to 30°, and all patients were breathing air spontaneously.
Pulmonary arterial and left atrial pressures were measured through catheters inserted towards the end of the operation, using a pressure transducer (Statham P.23G) and an oscillographic recorder (Sanborn Model 296). Two-or three-minute expired air collections were made using a mouthpiece, noseclip, and one-way valve, the total dead space of the apparatus being 60 ml. During the collections of expired air mixed venous blood was drawn into siliconized, heparinized syringes via the pulmonary arterial catheter, and arterial blood through a catheter (T.F.10) inserted into the brachial artery by the Seldinger technique and advanced into the ascending aorta.
Observations were made before beginning the infusion of isoprenaline and were repeated at each dosage level. Isoprenaline was infused intravenously using a constant rate injection apparatus' for 10 minutes before and during each study.
Blood samples were analysed for oxygen saturation using a haemo-refiector (Brinkman and Zylstra, 1949) Finley, Lenfant, Haab, Piiper, and Rahn (1960) , assuming the pulmonary capillary blood was 97% saturated; and pulmonary vascular resistance as described by Wood (1958) .
RESULTS
The average overall results for the series are shown in Table I , and the individual results in one patient (C.H.) in Table II . In all patients the administration of isoprenaline was associated with a fall in arterial oxygen saturation and an increase in mixed venous saturation and in pulmonary venous admixture, although in two patients the arterial saturation changes were partially reversed at higher dosage levels ( Fig. 1 ). These changes were associated with a rise in cardiac output and with a fall in the fraction of carbon dioxide in mixed expired air and in pulmonary arterial and mean left atrial pressures. In two patients nodal ectopic beats occurred during the infusion of isoprenaline, and this was associated with a fall in cardiac output in both. Pulmonary vascular resistance fell in those patients in whom it was above 25 mm. Hg/l./min. before isoprenaline infusion. Changes in minute ventilation were variable, with a small average rise. In individual cases similar changes in minute ventilation and carbon dioxide excretion were found, and a strong linear relationship was found between percentage changes in minute ventilation and percentage changes in carbon dioxide output from control values (r= 0989, t=23-1, P<0-001). Percentage changes in minute ventilation were generally slightly larger than percentage changes in carbon dioxide. The proportionate increase in blood flow through the underventilated compartment of the lung during isoprenaline infusion was found to be much larger than the increase through the ventilated compartment when changes in venous admixture were recalculated in terms of actual blood flow through group.bmj.com on April 13, 2017 -Published by http://thorax.bmj.com/ Downloaded from these areas (+ 171 % through the underventilated compartment as compared to +16% through the ventilated compartment at a dose of 0 75 ,ug./min. (Fig. 2) ). Changes in venous admixture resulting from isoprenaline infusion were generally found to be directly related to the venous admixture before infusion (Fig. 3) .
DISCUSSION
The possible causes of the decreased arterial saturation noted in this series of patients are (1) a rise in the partial pressure of carbon dioxide in the alveoli (PACo2); (2) an increasing diffusion defect; and (3) (Fordham, 1965; McClenahan et al., 1965 ). It appears, therefore, that changes in arterial oxygenation due to changes in alveolar Pco2 were probably small in the present series and would lead to underestimation of venous admixture changes.
DIFFUSION DEFECT The presence of a diffusion defect in the lungs after open cardiac surgery has been considered minimal (Geha et al., 1966; Fordham, 1965; McClenahan et al., 1965; Hedley-Whyte et al., 1965) and there is no evidence to suggest that this type of defect is increased by infusion of isoprenaline.
VENTILATION-PERFUSION RELATIONSHIPS Increasing arterial hypoxaemia due to changes in the ventilation-perfusion relationships can be produced either by an increase in the number of alveoli which are under-ventilated or non-ventilated, or by an increase in blood flow through alveoli which are already under-ventilated. The mechanism of arterial hypoxaemia following open cardiac surgery is considered to be mainly alveolar collapse whilst blood flow through the collapsed alveoli is relatively well maintained. Whether isoprenaline increases this alveolar collapse is unknown, although it seems unlikely in view of the bronchodilator action of the drug.
That alveolar hypoxia causes pulmonary vasoconstriction is well established in dogs (Lloyd, 1966) and probably occurs in man (Fishman, Lopez-Majano, Wagner, Twining, Tow, and Chernick, 1966) . A compensatory train of events occurs to minimize arterial hypoxaemia resulting from alveolar hypoxia. Alveolar collapse leads to local alveolar hypoxia and the resulting vasoconstriction leads to a fall in the perfusion of collapsed alveoli. Interference with this mechanism is consistent with the findings in this series. Dilatation of previously constricted pulmonary vessels would result in increased venous admixture (Fig. 1) , and increases in cardiac output would be preferentially distributed to the under-ventilated compartment of the lung (Fig. 2) . Also, the more widespread the disturbance in the ventilation-perfusion relationships, the greater will be the effect of interfering with any compensatory mechanism which may be operating (Fig. 3) . Further evidence in support of this hypothesis is the reduction in pulmonary vascular resistance found in some cases in the present series, and this is confirmed in man by other workers (Dodge, Lord, and Sandler, 1960; Lee, Roveti, and Ross, 1963; Williams, White, and Behnke, 1963) . Aviado and Schmidt (1957) and Hebb and Konzett (1949) have also shown that isoprenaline produces pulmonary vasodilatation in the isolated, perfused dog lung. 
